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,QWURGXFWLRQ
%LRPDVV LV D UHQHZDEOH UHVRXUFH DQG LWV FRUUHFW XVH LV UHODWHG WR DQ LQWHJUDWHG DVVHVVPHQW RI HFRQRPLF
HQYLURQPHQWDO DQG HQHUJ\ DVSHFWV %LRHQHUJ\ FDQ FRQWULEXWH WR VDWLVI\ LQ D VXVWDLQDEOH ZD\ WKH IXWXUH HQHUJ\
UHTXHVWDQGLWUHSUHVHQWVWKHPRVWLPSRUWDQWUHQHZDEOHHQHUJ\VRXUFH0RQHWL'HOIDQWL0DUXFFL%HGLQL*DPEHOOD
3URWR	*DOOXFFL
,QSDUWLFXODULVLPSRUWDQWWKHELRPDVVDYDLODELOLW\DQGUHIHUULQJWRWKLVDVSHFWWKHDUHDRI7XVFLD9LWHUERGHYRWHG
WRKD]HOQXWFXOWLYDWLRQUHSUHVHQWVPRUHWKDQDTXDUWHURIWKHQDWLRQDODUHDGHYRWHGWRKD]HOQXWV7KLVVLWXDWLRQDOORZV
WRFRQVLGHU7XVFLD OLNHDSRVVLEOHDJURHQHUJHWLFGLVWULFWEDVHGRQHQHUJHWLFUHFRYHU\RIELRPDVVGHULYHGIURPWKH
KD]HOQXWPDQDJHPHQW %DURQWLQL3URLHWWL6LOYHVWUL1DUGL&ULVDQWH3HSH3DUL*DOOXFFL%RYLFHOOL	5LJKL
&RODQWRQL $ 'HOIDQWL 5HFDQDWHVL 7ROOL 	/RUG  'L *LDFLQWR/RQJR 0HQJKLQL 'HOIDQWL(JLGL 'H
%HQHGLFWLV5LFFLRQL	6DOYDWL
+D]HOQXWFXOWLYDWLRQSURYLGHV OLJQRFHOOXORVLFELRPDVV VXFKDVSUXQLQJVDQGKD]HOQXW VKHOOVZLWKFKDUDFWHULVWLFV
WKDWDUHVXLWDEOHIRU WKHUPRFKHPLFDOSURFHVVHV7KHJDVLILFDWLRQSURFHVVLVXVHIXO WRREWDLQDIXHOJDVV\QJDV WR
XVHIRUKHDWLQJDQGSRZHUSURGXFWLRQE\PHDQVRIFRJHQHUDWLRQV\VWHPVEDVHGRQLQWHUQDOFRPEXVWLRQHQJLQHRUWR
DYRLG WKH SUREOHPV FRQQHFWHG WR WKH SUHVHQFH RI 7$5 H[WHUQDO FRPEXVWLRQ HQJLQH VXFK DV 6WLUOLQJ HQJLQH
0RQDUFD &HFFKLQL *XHUULHUL 	&RODQWRQL 0F.HQGU\ %RXEDNHU 'H )UDQFKL &RODQWRQL 0RQDUFD
&HFFKLQL /RQJR $OOHJULQL 'L *LDFLQWR %LRQGL 	0HQJKLQL 0RQDUFD &RODQWRQL &HFFKLQL /RQJR
9HFFKLRQH&DUOLQL	0DQ]R0RQDUFD&HFFKLQL&RODQWRQL	0DUXFFL7KHFKDUDFWHULVWLFVRIV\QJDV
GHSHQGRQWKHW\SHVRILQOHWIORZVWKHWHFKQRORJLHVDQGWKHRSHUDWLRQDOFRQGLWLRQV5HIHUULQJWRWKHILUVWDVSHFWLWLV
LPSRUWDQW WR FRQVLGHU WKH ELRPDVV XVHG LQ WHUPV RI KHDWLQJ YDOXH DQGPRLVWXUH DQG WKH R[LGL]LQJ DJHQW ZKLFK
LQIOXHQFHVVWURQJO\WKHKHDWLQJYDOXHRIV\QJDVWKDWFDQUHDFKXSWR0-1PLQFDVHRIXVHVWHDPDQGXSWR
0-1PZLWKR[\JHQ LQFRQWUDVWZLWKDLUZKLFKGHWHUPLQHVD/+9OHVV WKDQ0-1P)XUWKHUPRUH WKH W\SHRI
JDVLILHUV DQG WKH RSHUDWLRQDO FRQGLWLRQV VXFK DV WKH HTXLYDOHQFH UDWLR WHPSHUDWXUH DQG SUHVVXUH LQIOXHQFH WKH
JDVLILFDWLRQSURFHVV &RXWR5XRERD6LOYD0RQWHLUR	%RX]LDQH0F.HQGU\7RXVHV\QJDVIRUSRZHU
SURGXFWLRQ LQ D JDV HQJLQH LV QHFHVVDU\ WR UHDFKHV D/+9QRW OHVV WKDQ0-1P FRPELQHGZLWK D OLPLWHG7$5
FRQWHQWWRDYRLGWRGDPDJHWKHHQJLQH5HIHUULQJWRWKLVVHFRQGDVSHFWLWLVLPSRUWDQWWRKLJKOLJKWWKDWLQGRZQGUDIWIL[HG
EHG WKH FRQWHQW RI 7$5 LV YHU\ ORZ FRQWUDU\ WR ZKDW KDSSHQV ZLWK WKH RWKHU WHFKQRORJLHV XVHG IRU ELRPDVV
JDVLILFDWLRQ%RXEDNHU &RODQWRQL /RQJR 0HQJKLQL %DFLRWWL $OOHJULQL	&HFFKLQL  .XPDU -RQHV	+DQQD

0DWHULDODQGPHWKRGV
2.1 Biomass 
%LRPDVV XVHG GXULQJ H[SHULPHQWDWLRQ FRQVLVWV RI FKLSV ZKLFK GHULYH IURP PHFKDQLFDO JULQGLQJ RI KD]HOQXW
SUXQLQJV%HIRUHWKHPHFKDQLFDOWUHDWPHQWWKHELRPDVVKDVEHHQGULHGRXWGRRUVWRUHGXFHWKHKLJKDYHUDJHPRLVWXUH
FRQWHQWHTXDOWRZLWKDUDQJHEHWZHHQDQGXQWLOWRDORZHUDQGPRUHXQLIRUPYDOXHRIDERXW
7KLVSKDVHKDVEHHQQHFHVVDU\LQRUGHUWRVKUHGWKHELRPDVVDQGWRDFKLHYHFKDUDFWHULVWLFVVXLWDEOHIRUJDVLILFDWLRQ
SURFHVV LQ WHUPV RIPRLVWXUH DQG ORZHU KHDWLQJ YDOXH /+9 7KH LQFUHDVH RI /+9 FDXVHG E\ WKH UHGXFWLRQ RI
PRLVWXUHRIKD]HOQXWSUXQLQJVLVVKRZQLQ)LJXUH
)LJ7UHQGRI/+9RIKD]HOQXWSUXQLQJV
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
7KHFKLSVREWDLQHGIURPPHFKDQLFDOWUHDWPHQWDUHFKDUDFWHUL]HGE\DQHORQJDWHGVKDSHZLWKGLIIHUHQWWKLFNQHVVHV
DQGVL]HV7KHFKHPLFDOFKDUDFWHULVWLFVRIFKLSVDUHVKRZQLQ7DEOH

7DEOH%LRPDVVFKDUDFWHULVWLFV
3DUDPHWHU 9DOXH 8QLW
0RLVWXUH  
/+9  0-NJ
&DUERQ  RQGU\EDVLV
+\GURJHQ  RQGU\EDVLV
1LWURJHQ  RQGU\EDVLV
$VK  RQGU\EDVLV
2.2 Gasification system 
7KH JDVLILFDWLRQ V\VWHP LV FRPSRVHG E\ D GRZQGUDIW UHDFWRUZLWK D VXFWLRQ V\VWHP IRU WKH DLU 7KH UHDFWRU LV
FKDUDFWHUL]HGE\DQLQWHUQDOWKURDW]RQHLQZKLFKWKHELRPDVVIDOOLQJIURPWKHWRSPL[HVXSZLWKWKHDLU$VDUHVXOW
RIWKLVPL[LQJWKHUHLVDSDUWLDOFRPEXVWLRQRIELRPDVVFRQQHFWHGZLWKWKHSURGXFWLRQRIELRFKDU

)LJ'RZQGUDIWUHDFWRU
'XULQJWKHSURFHVVWKHELRFKDUIDOOVGRZQRQWKHJULGRQHSDUWLVJDVLILHGZKLOHWKHRWKHURQHSDUWLVFROOHFWHGLQ
D WDQNZKLFK LVSODFHGDW WKHERWWRPRI WKHJDVLILHU$QHOHFWULFHQJLQHDOORZV WKHVKDNLQJRI WKHJULG LQRUGHU WR
DFKLHYHDFRPSOHWHDQGXQLIRUPELRFKDUFRQYHUVLRQ

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
)LJ)ORZVDQGSKDVHVRIWKHJDVLILFDWLRQSURFHVV
2.3Test procedure 
7KHJDVLILFDWLRQWHVWVDUHEDWFKWHVWVZLWKDGLVFRQWLQXRXVELRPDVVVXSSO\WKHUHDFWRULVILOOHGIURPWKHXSSHU
SDUW ZLWK ELRPDVV DQG DIWHU WKH ELRPDVV ORDGLQJ WKH IDQ VXFWLRQ V\VWHP LV VWDUWHG DQG VLPXOWDQHRXVO\ WKH
ELRPDVVLVLJQLWHG
7KH ILUVW VWHS RI WKH SURFHVV LV FKDUDFWHUL]HG E\ WKH SURGXFWLRQ RI D VPRNH ULFK LQ ZDWHU YDSRU DV D
FRQVHTXHQFHRIWKHELRPDVVPRLVWXUH$IWHUWKHGU\LQJRIELRPDVVDQGZLWKWKHUHDFKLQJRIDWHPSHUDWXUHLQVLGH
WKHUHDFWRURIDERXW&WKHUHLVWKHSURGXFWLRQRIDIXHOJDVWKDWLVVDPSOHGE\PHDQVRIXVHRI7HGODUEDJV
DQGVXEVHTXHQWO\FKDUDFWHUL]HGE\JDVFKURPDWRJUDSK\
7KHV\QJDVSURGXFHGLVFRQGXFWHGE\WKHVXFWLRQV\VWHPWRWKHWRUFKDQGLWLVEXUQW)RUWKHJDVLILFDWLRQWHVWV
WZRGLIIHUHQWDLU IORZVKDYHEHHQXVHGI PVDQGI PV)RU ORZHUDLU IORZV WKHUHZHUH
SUREOHPV WR REWDLQ D IXHO JDV ZKLOH IRU KLJKHU YDOXHV WKHUH ZHUH SUREOHPV FRQQHFWHG WR D KLJK ELRPDVV
FRQVXPSWLRQWKDWPDGHLWGLIILFXOWWKHVWDELOL]DWLRQDQGFRQWURORIWKHSURFHVV
5HVXOWVDQGGLVFXVVLRQ
7KHFRPSRVLWLRQRIV\QJDVLVFKDUDFWHUL]HGE\DKLJKDPRXQWRIQLWURJHQPRUHWKDQLQYROXPHWKDWLVGXH
WKHXVHRI DLUDVR[LGDQW DJHQW5HVXOWVRI V\QJDVDQDO\VLV VKRZ WKDW WKH LQFUHDVHRI DLU IORZFDXVHVDGHFUHDVH LQ
K\GURJHQFRQWHQWEXWDPRUHPDUNHGLQFUHDVHLQFDUERQPRQR[LGHDQGPHWKDQHFRQWHQWV7DEOH








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7DEOH6\QJDVFRPSRVLWLRQ
(OHPHQW 9DOXHI 9DOXHI 8QLW
1   YROXPH
2   YROXPH
+   YROXPH
&2   YROXPH
&+   YROXPH
&2   YROXPH


7KHORZHUKHDWLQJYDOXH/+9RIV\QJDVGHSHQGVRQWKHSHUFHQWDJHE\YROXPHRIFDUERQPRQR[LGHK\GURJHQ
DQG PHWKDQH DQG LV FDOFXODWHG E\ WKH IROORZLQJ IRUPXOD ZLWK /+9 H[SUHVVHG LQ 0-1P DQG &2 + DQG
&+H[SUHVVHGLQRQYROXPH6RQ<RRQ.LP	/HH


&++&2   LHV   

7KH/+9RIV\QJDVUDQJHVIURP0-1PWR0-1PIRUWKHORZHUDLUIORZIDQGWKHKLJKHUDLUIORZ
I UHVSHFWLYHO\ 7KH LQFUHDVH RI DLU IORZ FDXVHV DQ JURZWK RI WKH ELRPDVV FRQYHUVLRQ UDWH WKDWPHDQV D KLJKHU
SHUFHQWDJH RI FDUERQPRQR[LGH DQGPHWKDQH FRQWHQWVZLWK WKH FRQVHTXHQFH RI DQ LQFUHDVH RI /+9&RPSDULQJ
WKHVH UHVXOWV ZLWK RWKHU VLPLODU H[SHULPHQWV LW LV SRVVLEOH WR QRWLFH WKDW WKH /+9 RI V\QJDV LV VOLJKWO\ ORZHU
FRPSDUHG WR WKH W\SLFDOYDOXHVRIELRPDVVJDVLILFDWLRQZLWKDLUZKLFKXVXDOO\UDQJHVIURP WR0-1P&RXWR
5XRERD 6LOYD 0RQWHLUR 	%RX]LDQH  %LDJLQL %DURQWLQL 	7RJQRWWL  0DFKLQ 3HGURVR 3URHQ]D
6LOYHLUD &RQWL %UDJD	0DFKLQ 2EYLRXVO\ WKLVPDLQO\ GHSHQGV RQ WKH FRPSRVLWLRQ RI V\QJDV LQ WHUPV RI
K\GURJHQDQGPRQR[LGHFDUERQFRQWHQW6LPLODUVWXGLHVUHJDUGLQJWKHJDVLILFDWLRQRIDJURIRUHVWU\UHVLGXHVVKRZ
YDOXHVRIPRQR[LGHFDUERQFRQWHQWLQDUDQJHIURPXSWRDOPRVWLQYROXPHZKLOHK\GURJHQFRQWHQWUDQJHV
IURPXSWRDOPRVWLQYROXPH0HWKDQHFRQWHQWLVW\SLFDOOHVVWKDQ5HVXOWVVKRZWKDWLWLVQHFHVVDU\WR
LQFUHDVHWKHFDUERQPRQR[LGHFRQWHQWRIV\QJDVDQGLWLVSRVVLEOHWKURXJKWKHUHGXFWLRQRIWKHWKHUPDOORVVHVIURP
WKHUHDFWRUZLWKWKHDGYDQWDJHRIDQLQFUHDVHDQGVWDELOL]DWLRQRIWHPSHUDWXUHLQWKHJDVLILFDWLRQ]RQH7KHLQFUHDVH
RIWHPSHUDWXUHDOVRGHWHUPLQHVWKHUHGXFWLRQRI7$5FRQWHQWE\PHDQVRIWKHUPDOFUDFNLQJSURFHVV7KHLQFUHDVHRI
/+9LVDOVRFRQQHFWHGWRWKHGHFUHDVHRIWKHELRPDVVPRLVWXUHDUHGXFWLRQRIPRLVWXUHDOORZVWRDYRLGWRVXEWUDFW
KHDWWRWKHJDVLILFDWLRQUHDFWLRQV
&RQFOXVLRQ
5HQHZDEOHZDVWHVVXFKDVELRPDVVDJULFXOWXUDO UHVLGXHVGHULYHGDUH LQFUHDVLQJO\EHLQJUHFRJQL]HGDVYDOXDEOH
IHHGVWRFN EHFDXVH RI WKHLU ULFK FDUERQ FRPSRVLWLRQ 3URWR =LPEDODWWL $EHQDYROL %HUQDUGL 	 %HQDOLD 
$EHQDYROL	3URWR7KLVVWXG\VKRZVWKDWLVSRVVLEOHWRDFKLHYHDQHQHUJ\UHFRYHU\RIKD]HOQXWSUXQLQJVE\
PHDQVRIJDVLILFDWLRQSURFHVV7KHHQHUJHWLFFRQWHQWRIV\QJDVREWDLQHGXSWR0-1PLVVOLJKWO\ORZWREHXVHG
LQ JDV HQJLQHV IRU SRZHU SURGXFWLRQ WKDW W\SLFDOO\ UHTXLUH V\QJDVZLWK /+9 QRW OHVV WKDQ 0-1P VR LW LV
QHFHVVDU\RSHUDWHZLWKVXLWDEOHELRPDVVSUHWUHDWPHQWVVXFKDVGU\LQJDQGWRLPSURYHWKHJDVLILFDWLRQV\VWHP
,W LV DOVR QHFHVVDU\ WR PDNH DGGLWLRQDO V\QJDV DQDO\VLV LQ RUGHU WR EHWWHU DVSHFWV VXFK DVWKH 7$5 DQG WKH
SDUWLFXODWHFRQWHQWVDQGWRSURYLGHIRUDFOHDQLQJV\VWHPRIV\QJDV5HJDUGLQJRQWKHLPSXULWLHVFRQWDLQHGLQV\QJDV
TXDOLWDWLYH FKDUDFWHUL]DWLRQRI 7$5 KDV EHHQ FDUULHG RXW ZDVKLQJ V\QJDV WKURXJK ZDWHU VKRZV WKH SUHVHQFH RI
SKHQROIXUDQPHWKDQRODQGFUHVROPDLQO\
7KH FKDUDFWHULVWLFV RI V\QJDV DUH VXLWDEOH WR REWDLQ WKHUPDO HQHUJ\ WKDW FDQEH XVHG WR SURYLGH KHDW IRU VPDOO
IDUPV HVSHFLDOO\ IRU JUHHQKRXVHV 7KH JDVLILFDWLRQ V\VWHP SUHVHQWHG LV DOVR DEOH WR REWDLQ DV RXWSXW IORZ LQ
840   Andrea R. Proto et al. /  Procedia - Social and Behavioral Sciences  223 ( 2016 )  835 – 840 
DGGLWLRQWR V\QJDV D VROLG UHVLGXHRUELRFKDUZKLFK FDQEHXVHG LQ DJURQRPLF VHFWRURQRQH VLGH WR LPSURYH VRLO
FKDUDFWHULVWLFVRQWKHRWKHUDVDFDUERQVLQNLQFRQVHTXHQFHRILWVKLJKFDUERQFRQWHQW
5HIHUHQFHV
$EHQDYROL/0	3URWR$5(IIHFWVRIWKHGLYHUVROLYHKDUYHVWLQJV\VWHPVRQRLOTXDOLW\$JURQRP\5HVHDUFK9RO,VVXH
%DURQWLQL03URLHWWL 6LOYHVWUL ,1DUGL9&ULVDQWH)3HSH*3DUL /*DOOXFFL)%RYLFHOOL 3	5LJKL*6\QWKHVLV DQGELRORJLFDO
HYDOXDWLRQRIJDOOLFDFLGDQDORJVMedicinal Chemistry Research
%LDJLQL ( %DURQWLQL ) 	7RJQRWWL /  *DVLILFDWLRQ RI DJULFXOWXUDO UHVLGXHV LQ D GHPRQVWUDWLYH SODQW &RUQ FREV Bioresource 
Technology173
%RXEDNHU.&RODQWRQL$/RQJR/0HQJKLQL*%DFLRWWL%$OOHJULQL (	&HFFKLQL0 2SWLPL]LQJ WKH(QHUJ\&RQYHUVLRQ
3URFHVV$QDSSOLFDWLRQWRD%LRPDVV*DVL¿HU6WLUOLQJ(QJLQH&RXSOLQJ6\VWHPApplied Mathematical Sciences7
%RXEDNHU.'H)UDQFKL0&RODQWRQL$0RQDUFD'&HFFKLQL0/RQJR/$OOHJULQL('L*LDFLQWR6%LRQGL3	0HQJKLQL*
3URVSHFWLYHIRUKD]HOQXWFXOWLYDWLRQVPDOOHQHUJHWLFSODQWVRXWFRPHLQ7XUNH\2SWLPL]DWLRQDQGLQVSLUDWLRQIURPDQ,WDOLDQPRGHO
Renewable Energy75
&RODQWRQL$'HOIDQWL/035HFDQDWHVL)7ROOL0	/RUG5/DQGXVHSODQQLQJIRUXWLOL]LQJELRPDVVUHVLGXHVLQ7XVFLD5RPDQD
&HQWUDO,WDO\3UHOLPLQDU\UHVXOWVRIDPXOWLFULWHULDDQDO\VLVWRFUHDWHDQDJURHQHUJ\GLVWULFWLand Use Policy50
&RXWR15XRERD$6LOYD90RQWHLUR(	%RX]LDQH.,QIOXHQFHRIWKHELRPDVVJDVLILFDWLRQSURFHVVHVRQWKHILQDOFRPSRVLWLRQ
RIV\QJDVEnergy Procedia36
'L*LDFLQWR6/RQJR/0HQJKLQL*'HOIDQWL/03(JLGL*'H%HQHGLFWLV/5LFFLRQL6	6DOYDWL/$PRGHOIRUHVWLPDWLQJ
SUXQHGELRPDVVREWDLQHGIURPCorylus avellana/Applied Mathematical Sciences131
(UOLFK&	)UDQVVRQ7+'RZQGUDIWJDVLILFDWLRQRISHOOHWVPDGHRIZRRGSDOPRLOUHVLGXHVUHVSHFWLYHEDJDVVHH[SHULPHQWDOVWXG\
Applied Energy88
.XPDU $ -RQHV ''	+DQQD0$  7KHUPRFKHPLFDO %LRPDVV*DVLILFDWLRQ $5HYLHZ RI WKH &XUUHQW 6WDWXV RI WKH 7HFKQRORJ\
Energies3
0DFKLQ(% 3HGURVR'7 3URHQ]D1 6LOYHLUD -/&RQWL /%UDJD/%	0DFKLQ$% 7DU UHGXFWLRQ LQ GRZQGUDIW ELRPDVV
JDVLILHUXVLQJDSULPDU\PHWKRGRenewable Energy78
0F.HQGU\3(QHUJ\SURGXFWLRQIURPELRPDVVSDUWFRQYHUVLRQWHFKQRORJLHVBioresource Technology83
0F.HQGU\3(QHUJ\SURGXFWLRQIURPELRPDVVSDUWJDVLILFDWLRQWHFKQRORJLHVBioresource Technology83
0RQDUFD'&HFFKLQL0&RODQWRQL$	0DUXFFL$)HDVLELOLW\RIWKHHOHFWULFHQHUJ\SURGXFWLRQWKURXJKJDVLILFDWLRQSURFHVVHVRI
ELRPDVVWHFKQLFDODQGHFRQRPLFDVSHFWV,QComputational Science and Its Applications%HUOLQ6SULQJHU
0RQDUFD'&HFFKLQL0*XHUULHUL0	&RODQWRQL$&RQYHQWLRQDODQGDOWHUQDWLYHXVHRIELRPDVVHVGHULYHGE\KD]HOQXWFXOWLYDWLRQ
DQGSURFHVVLQJActa Horticulturae845
0RQDUFD'&RODQWRQL$&HFFKLQL0/RQJR/9HFFKLRQH/&DUOLQL0	0DQ]R$(QHUJ\&KDUDFWHUL]DWLRQDQG*DVLILFDWLRQ
RI%LRPDVV'HULYHGE\+D]HOQXW&XOWLYDWLRQ$QDO\VLVRI3URGXFHG6\QJDVE\*DV&KURPDWRJUDSK\Mathematical Problems in Engineering
2012
0RQHWL0'HOIDQWL/030DUXFFL$%HGLQL5*DPEHOOD)3URWR$5	*DOOXFFL)6LPXODWLRQVRIDSODQWZLWKDIOXLGL]HGEHG
JDVLILHU:*6DQG36$Contemporary Engineering Sciences, Vol. 8, 2015, no. 31, 1461-1473. http://dx.doi.org/10.12988/ces.2015.56191
3URWR$5=LPEDODWWL*$EHQDYROL/%HUQDUGL%	%HQDOLD6%LRPDVV3URGXFWLRQLQ$JURIRUHVWU\6\VWHPV9(5L)RU3URMHFW
Advanced Engineering Forum, 11, 58–63KWWSGRLRUJZZZVFLHQWLILFQHW$()
6RQ<,<RRQ6-.LP<.	/HH-**DVLILFDWLRQDQGSRZHUJHQHUDWLRQFKDUDFWHULVWLFVRIZRRG\ELRPDVVXWLOL]LQJDGRZQGUDIW
JDVLILHUBiomass and Bioenergy35


